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A - M o £ ± f& (a j£ - ^ /fc <fr <t Pal ft g ^ m fit -ft ^ *f it € 
JH ^ * ffl iMt^^^^^^^^^-^^c^. + ^ft^^ft 

fi^^»ft/aLftS^ • ^ J& fal m & }$■ % ffl ^ ^ € Pal $ f§L ■ 

^4W«ilffl**r«*.L • ^ # ft rfr € ># ^ f r,1 f ft 

W! ° ff> j& j£ #J ffl * to ft -fr « >f _L > t 4* il> S ^4: M 

a ° 

1 ft -It ft 

2 4 s - » ^ jfc. # 42 ^ g t ft 

^ m %^ . Multi _ Bit stacked Non-Volatile Memory and ~~""*™~ 
Manufacturing Method Thereof) 

The present invention discloses a multi-bit 
stacked non-volatile memory having a spacer-shaped 
floating gate and a manufacturing method thereof. 
The manufacturing method includes forming a 
patterned dielectric layer containing arsenic on a 
semiconductor substrate, wherein the patterned 
dielectric layer defines an opening as an active 
area. A dielectric spacer is formed on a side 
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6 8 4r % ffl P& %Jl 

10 ffl & it % & 12 m m « & % m 

1 4 ft *r € >f 1 6 & % J W) £ 



^ - %3L%tWffi%- (%tW&m ■ Multi-Bit Stacked Non-Volatile Memory and 
Manufacturing Method Thereof) 

wall of the patterned dielectric layer and a gate 
dielectric layer is formed on the semiconductor 
substrate. A source/drain region is formed by 
thermal driving method making arsenic diffusion 
from the patterned dielectric layer into the 
semiconductor substrate. A spacer-shaped floating 
gate is formed on the side wall of the dielectric 
spacer and the gate dielectric layer. An 
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^ - $;X.®W&\%r (tfrW&m ■ Multi-Bit Stacked Non-Volatile Memory and 
Manufacturing Method Thereof) 

interlayer dielectric layer is formed on the 
spacer-shaped floating gate. A control gate layer 
is formed on the interlayer dielectric layer and 
fills the opening of the active area. 
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i » (i) 
-=- - [ & Jfr & #f ] 

# JSfefidl£'lft«tit#-sr^^fit4*#*L te, -It It ( Random 
Access Memory, R AM ) °£ ff tL -It It ( Read Only Memory, 

rom ) ^ m ° f&fo&frfcfo&mm&#j : %w&ftjL<mM'%m. 

'& *P y% & ' x m % # # te. 'It- it f t te. IS ^ M # ^ f 44 
if If it^^^# ' x # # # # t e. -ft ft • ftt 

4- m >M f 'l± t tfL f £ o°a &} % M. ' ^ ft ££. 'It it Jt # >H rfj "^T 

a s£ 4b If f£ -It ft ( PROM ) * T i*. Bfc s*. 4t It 4& ft 
(EPROM) * «^5^*T*fcl&3£5$,4b-fe1*l£tft ^(EEPROM) a ^ 

te, -It *t(Flash Memory) • <fc W * & -It It * ^ T Jl & ft € 
* 15. at IT 44 . x A % It ^ * * S * A - * £ il v * € * 
«tJC-SLRrjft**» > # «T i§ ^ 4ft s£ l8j a °a - 4fc -fefe pg *& -It It 
#7 £ * ' fit * *t to * 4* * ^ 4* illf P 3 # *8 Bfl £ A # * iff * 
i fi) t ^ ° 

- & # *te ^ -it ft 4l i * M * - 4 ^ M ft & *H - 
£• t M ft M 4 & t - >f l» M( Floating Gate) JSl - *SE f'J W 
(Control Gate) - **&Jfc,§#r&ffl#>f$&ffi #. to 4£ f'J M 
A ^ * # 4l ' iiJ-^^^-te^it .ill (word line) » to to 
*jt(bi t line)^*fef lUiil « 4fc M l£ -It It ^ f- 44 % ^ & 
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% || & ^fe — & v8l 1£ JS & A € JE ^ 4£ f 'J W ' itb a 
^W}i£i£i£t/ s /r,££^$ ; 'i;-^(hot el ectron) & * >£. it it 
t # ^ i£ flo it ^ >f ^ ffl • * Ql ' it^#$&ffl4L&^^-teE 

£ tL 4l # # # te, m It & 1 1 1 4 ' *» : 4£ fl§ ft -fb 
Jt (ni tr ide layer) #fc & ^ 4§£ # bp tt 4l ^ H H IL ^ j& ft 
(SONOS structure) • -&$a?*£6$£<flt7G###*e,'|ftft 

(disturbance)^^^^^^.^! 1 ^ 0 » * E 4b ,# ^ 

^ #j f i£ /£ t n & # 'I±(data retention) ^ • fit m 

H<fb # |8| ' f - Ut tt ft W -ft #! 31 Jfc *fc ^ 

# ^ Ff- i& • 

4 5$, # # # *& -it ft # * ' it m. m. #»j m £ ft n * m. & & 



-= - [ # f*3 ] 

* «■ w ^ - ?r © >& ^ ^ # - # a ^ r-i r& m >f w ^ *fc 
* ^ # # # te. -It ft A * $ it >5r & . « ^ >j> ft # © ^ a 
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« 31 * J- * # -fe m H £ «I4 ^ £ to it *fc ft £ ft # t& -It it & 
A * *L at 2f * • 

*J ffl i *r «■ ^ W PS II >f l» f ? i 4l Mi it i| i ^ # # # te, 

^ - * «fe *J ' ^#^4L^<ft:7C^4^,^^ # t& -It It J* 
& ^ - -f t£ # 4k # > & 4a ^*|» -fr t ^(dielectric 
island containing arsenic) » dMli d. > 

m it € RR ^(dielectric spacer) * — M ^ ^ % % ( ga t e 
dielectric layer) - p% 4g ,P^: # % Wj (J spac e r -(sTrap^ dj 
floating gate) - - i*J ^ t ^(interlayer dielectric 
layer) A - ^ <W W >f (control gate layer) • eft #1 ^ *f 

-fr«A#^*^-f*ft4t#4Lji » x ^ #i ^ *t € ft ^ f*1 

5t A - £ tfr K ^ ° * 4® *r € Pal ft « ^ A ^ tfj 4@ ^ *t it % 
ft^W«Ail>a*4:^ffl4#Ji ' 3- ffi & it % % & 
A i tfr l£ ^ ^ f - It * # _L o i D ^ ^/ ^ i ^ # ^ 

4&*r€>#i&£-'SlSj£ • eig 49 Pal |$ « % ffl % % j& ifc tf) fa ft 
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tMr#.f^WfAW*s^t^4:Ji • ft it % % % S. 'J? flt M. 
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«41&^--f^«S^.#2 > ^S^*t^rtft42 * #1 % ft/ 

ft £ > rfj -fa -fr % ffl m &t 8 - - ffl ft *r % M 1 0 * dM@ FbI 
RR « >f ft Ml 2 » - rt^||14ttA-fe«JWI16 " + t£ ft 
I#2^i«H# ° ^ *t ^ t ft 4 2 ^ # jN- & ^ ^ ^ Sit 3& 3$ 
(Arse no silicate Glass • ASG ) • ft* \® & ft % %M % 1$ 
^,^^^lt*#2^_L > J. ^ <fB ^ *p ft % ft42 Pal £ Ik - i 
ft & ^ 1 8 • ^ 49 *r € f-1 P£ H 8 # ^ /& ^ ^ #1 ^ *t ft % ft 4 2 
4L««A±t»aJ4L184^^.^ft4fe.#2Ji ' J.«tt^«J|10 
#. ^^^it,i^l8^^f^t#2Ji - # ffl 4l *r t W I* 
^ 8 ^ #. tf4 "3" H 4b ^(silicon nitride) • t ft f$ fa ft 
f % 1 0 4l # T & — a 4b ^(si 1 icon oxide) • ^ ^ ^ ft/ 
% ft K J*6 4& & ffl &*ft*tei5'tt^*|'-fr« ft 42 1*3 ft 

: ftti + ^jii&#2t >jq#^ » jl ^ #i ^ % m m m 8 *r « 

Bfr jL *f» J* |t f «J m ft ^> € % 1 0 £• -£ H. i& • #j #1 Fal BR « 

# m wi2 & m & & m ft m br & 8 ^ #j « a m ft ^ € >§ 

1 0 ^ _L o # ffl ^ ft $ ^ ^ m i 2 ^ # ^ -5]- ^ ^ a a ^ 
( po 1 y s i 1 i c o n ) - j*j -fr <t ># 1 4 # 5. ^ € M. & i® ffl ffi m ft ft 
Tft 1 2 * t ffl ^ f*j *h « ># 1 4 ^ # * ~ fL 4b ^ . & $| M £ 

16 f^*M^^t^l4^Jil4Iifji^l8 • ffl 4l *£ 

m % i 6 ^ # # ^ ^ a a a ^ - 

^ ^ 7t # ^ ^ # # te. <it ft l t ^ A a. ^ t& ^ ^ 

^ f: JE ^ 4fi W >t 1 6 >^ ft/ «. ft & *fc 6 ' ill A £. ^ ^ € 

ife a j. t a^^UM fl& ^ * - ft * t # ' -;f w t ^ & 
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&#2n&.&4L4tffi28 ; M * *h % Hi 1 0 4l # 3N- *» — ft 4b ^ - 
$t ffl #f «S * ^. ffl 1Mb ^^^€^4 t-t^^^Mti^ 
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® >f tifr ffl 1 2 ^ 4S *J ffl M 1 6 ' a & & ffl Bfc ® >f ffl 1 2 A *E f-J 
ffl MIG M. >L - ^/£ft^«>fl4^^;&&^4&ffl& f ft4b 

* - ft ' ft 4b ^ jfc ft ^ ^ # 4^. ffl I, * t f ^ f a it 
j&WUfc^l&^^r* - #- H 6 A ' ft 4b ffl P£ « >f ffl 1 2 ^ - 
3p 4fr * flj ' J-X ^ - 41 3t ffl ® >f ffl 1 2 ft 4b >f 6 2 • #- 
ffl6B • aifcft*^*— rt^«^14ajtB*4b^*|'^«4J 
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1 4 # J(4 -T * — %4b*& ' 

# 4 ffl 7 ' & ffl &*o4L^T * > 4> 4b ^ IL 4a 3*. * ' & 
j& - £ A ^ 4 64 ft Jfc « ^ t A 1 0 ji m j* 9 - Bfl o 24 • & T 
ii|#l^^&<j^fta ' & tf> & - ffl & 4b & IS. ># 6 6 ft Jt 
£ B B a ^ >f 6 4 » J.ifcffl*'fbifcia^66^4fcT«.it^^7tl|L - 
&T&^®fMb;fcna.,§66,&.f.^ • «k $J # JI, ^ £ 6 4 OL m & 
*] M ,# 1 6 • *Mk*Bkffl**t&|B.4*66ty^#*#-ifl*.4ft 

*T ^ #J ^ £ to it Jfc ft A ft # # te. ft ft 1 ° 

itb <& fk >£ ^ #j £. • 3fe Jiil^f^ a - - ^ 

t& 'ft 4ft B a a ^(memory ce 1 1 ) Hi. % t£ W ♦ ^ Sfc t I A i I 
. & W ft ^ — it & & f>\ (memory array) • ffl 8 

#*4^#W^— *fft1T«fe #J £ to 7t Jfc ft A ft # # t e. -it It 
p£ ?>J 1 1 w m • Jt if «fe #j t > £ to it Jfc ft s£ ft # # te. 
•It 4ft i* 1 1 & ^ *X it « £ to 7t Jfc ft & ft # # -it It 1 • * 
t#-##to7tJfcft^###fe.'ltfftim^i^I^it^*^ 
fcl ' &^#-f^4ft£.#2 - 51 fit 4b ^ *t ir % % 4 > ft a. 

il^6 > -fr € W 1$ 8 * ffl 4£ -fr ^ ,§ 1 0 > ft 1$ « >f M 
12 - ft <fr € M 1 4 a A & m ffl 1 6 • £ to it Jfc ft ^ # # te, 
•It 4ft P# 1 1 it & ^ * it 4@ ft *£/ 31 £ J&6 - ^. it #1 ^ *t *r 
€ A 4 2 * it 4® #£ #J M ^ 1 6 - ^^n^^^%^A2^,m^L 
$l il it m i. t& & J^ 1 8 - 3ftit«4£fflffl#16;tA#.it4H^7t 

^ ' jl * ?i it # ft *s/ ^ £ j^.6 ^ ^ it m to it ^ » *t it 
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ffl 2A 
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SI 2 B 
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si ; 

SI 5A & ^ /& * & £ a B a ^ * b£ 4l M #. © 51 ; 

51 5B £ ffi j& Fal |$ f jfU ffl 4LtH i6 II : 

SI 6A % m & «. 3t ffl PS « if ffl % 4b ># Bf 4l # « fir 

SO » 

BI6B^^^,^^t>fBf^#^®SI ; 

51 7 & j£ — =fe ft m U m 4£ #, fir 51 I a £l 

m 8 & ^ - 4fc as ^ ^ ^ w 4l £ 4& to *fc 4 # 
# 41- *& -It It I* ^ 4* «. ffl - 

BB * 7t #■ # «fc t£ 

1 £ -fit 7b 4 3, # # # n -It It 

2 ****** 4 H*4b**|"fr«* 
6 ft fa / >2L fa (a j£ 8 ^ f; ffl Rfc ^ 

10 ffl * ^> t ># 

11 £ 4fc to *fe 4 A # # # it 'It It F# 
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* - f t*4M'ii£ffl 

1 . - m. % & ±fc # A # # # te, ft it ^ # ' ti & • 

— 4- It & ^(semiconductor substrate) ; 
^ /fc - ffl 1Mb ^ ^ ^> f ^(patterned dielectric 
layer containing arsenic);frs£-ftflt;&#_h » £ <f fg 

^ j& - <r € « BR ^(dielectric spacer);S?M£fflSMt 
^ *t» *r € ># M « : 

#i $L — >fc fe. H. ^(source/drain region) ^ s£ 

* «t 41. # : 

/& — M & rJ> ># (gat e diel ectric layer) ^ H f 

^•^+^!t&#_L ; 

^ — f^l P& ft t& ^(spacer-shaped floating 
ga t e ) ^ it % m m « ^ - #J £ ' JL t* Fal RK g ft % ffl Ml n 
n ffl ^ € ># ^ _L ; 

ff> /£ — 1> f >| (interlayer dielectric layer) f 

*A t£ r-i rr m ft % M ; a a 

. — Ffl (control gate) t I « * - M a ° 

2 . *»t*#^HI£III»l3Jim4t'^-^*»*ttt + *«lA# 
^ — ^^.#(silicon substrate) ° 

3 . *»*1t*3HJ£II|*l3*mifc^#*'*+#jfci*H**t 
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ft} ;£ — SI ^ 4b it P-H- (patterned photoresist 
layer)*M^^*(' ^ f ^ Ji & + *SHffc'fb*l&*Jt*t*j[5 
— Wo ; 

a ts ffl $ 7b is £ £ . & M m & q ft $ % , aft} 

& i& m % 4b ^ *t it % M m « ■ ; a ^ 
f£ ffl f£ 4b it ia >i ° 

& - *t ^ jfc ^(Arsenosi 1 icate Glass, ASG) M ° 
5 . *»t*##'JillB*l^/9fi£4L^r* » £ t ^ & t£ *r « 

f - ^ ft) ^ f >l(conformal dielectric layer)^. 

# # itj -f± a ftj ft ^ ^ % % > a ^ ^ ^ f w Rfc e 

fli ffl £ 4b ^ *p *r t >i ^ #J « • 

>% — It 4b ^(silicon nitride layer) • 



7. ^tff4M»!fe,ffi#l^/^i£4L:fr&'£t^/&ta ift &/ 
:&&&^^^5fc&^4fcffl*!.JSS$Kthermal drive) 4£ i& 
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8 . *o t tt * #'J IE IS # 1 m m it 3r ' * t AM t f?Hl ^ 
t * ^ ^ ^ # & ffl & a lb (thermal ox i da t i on ) *fc flf # 

^ ° 

9 . .*>$n%-m&m%i3%mtiLz-ir& » * t ^ & t£ w « 

^ /& — ^ £ & ^ ,§ (polysi 1 icon layer) fli M. i& ¥ 
It & # ; a A 
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